We have calculated high transverse energy single-jet inclusive cross sections for 7p-collisions at nextto-leading order superimposing direct and resolved photoproduction. The dependence on the scale and the scheme for the factorization of the photon structure is studied quantitatively. The accuracy of the predictions due to variations of all scales is investigated.
Introduction
The production of high transverse energy (Er) jets by quasi-real photons on protons has received much theoretical [1 6] and experimental [73 interest since the start of the HERA experiments. Further results by the H1 Collaboration [-8 ] and the ZEUS Collaboration [9] have been presented recently.
Commonly, high energy photoproduction is divided into two components. Firstly, the incoming quasi-real photon may couple directly to a quark or anti-quark participating in the hard scattering process, similar to deep inelastic leptoproduction. In addition to this direct part the resolved component has to be taken into account.
Here, the (almost) on-mass-shell photon dissolves into partons, one of which undergoes hard scattering with a parton originating from the incoming proton. This latter part looks very similar to high energy hadroproduction. Due to the presence of the pointlike photon-quark interaction, however, some substantial differences occur. At leading order (LO) the direct component is independent of the factorization scale M~ which enters the photonic parton distributions. The next-to-leading order (NLO) corrections contain a singularity due to the splitting of the D. B6deker has been at the Minneapolis address since November 1993 * Supported by Graduiertenkolleg der DFG **Supported by Bundesministerium ffir Forschung und Technologie, 05 6HH93P (5), Bonn, Germany incoming photon into a collinear quark-antiquark pair. This singular contribution has to be factorized into the non-pertubative (anti-) quark distributions of the photon. This procedure introduces an explicit dependence on M~ to the NLO corrections of the direct part. From this construction it is evident that direct and resolved photoproduction are related to each other through the factorization scale. The M~ dependence of the NLO contributions to the direct cross section must cancel against the M~ dependence present in the resolved cross section via the photon structure function, neglecting higher orders in c~s. This can be seen explicitely by considering the evolution equations for the photonic parton distributions. Similar to the well-known absorption of initial state collinear singularities into the parton distributions of hadrons additional finite and M~ independent contributions can be absorbed into the photonic parton densities or shifted into the NLO corrections to the direct photon piece. This shows that at the NLO level the definition of direct/resolved photoproduction is ambiguous and only the sum of both contributions is physically meaningful.
So far direct and resolved photoproduction of jets were considered separately. It was found that the resolved process dominates at HERA energies for low Er and/or negative rapidities (we assign the rapidity t/> 0 in the direction of the incoming electron). Near the maximum of the rapidity distribution (t/LaU~-2) the resolved and the direct part become of comparable size at Er ~ 25 GeV. This result was obtained with a photon factorization scale M./= Er, and equal to all other scales. As long as the jet transverse energy is not too large, say below 20 GeV, one could safely neglect the contribution from direct photoproduction. In the near future we expect HERA data also for Er > 20 GeV. For their interpretation we must combine the cross sections of the resolved and the directprocess. Then we should also study the M~ dependence of the combined cross section in this region. Since only the sum of both components is supposed to be stable with respect to the change of M~, we must expect that any statement on the relative magnitude of direct and resolved cross section will change with the choice of the photon factorization scale.
It is the purpose of this note to investigate the M s dependence of the resolved and the direct cross section separately and to see whether their sum becomes stable. In addition we shall look for the effect of different factorization schemes for the photon structure function namely the MS and the DIS.~ scheme of Glfick et al. [10] .
In Sect. 2 we shall explain the theoretical input for our calculation and the precise definition of the NLO corrections. Numerical results are presented in Sect. 3.
Theoretical input
We shall focus on the inclusive single-jet cross section in quasi-real photoproduction at HERA. We adopt the jet definition of the Snowmass meeting [11] defining a jet as an ensemble of outgoing particles contained within a cone of radius R in the plane of pseudorapidity and azimuth around the jet momentum. Within this jet algorithm in some region of phase space the jet multiplicity is not well-defined. Then, two partons may be viewed as a single jet and also as two separate ones. In this case we have adopted the convention of [13] taking into account only the first choice.
The theoretical framework used in this paper is well known [12], so we shall restrict ourselves to some relevant details of our calculation. In resolved photoproduction the hard scattering is a pure patton-patton scattering process, i.e. only quarks and gluons are involved. The NLO, (9(e3), corrections to the inclusive single-jet cross section have been worked out independently by two groups for p/~-scattering [13] [14] [15] . These groups used different methods in intermediate stages of their calculation. Their results agree nicely with CDF experimental data [16] . For resolved photoproduction the antiproton structure function has to be replaced by the photon structure function which must also be evaluated at NLO. For very small cone radii R ~ 1 the inclusive single-jet cross section has been calculated analytically by Aversa et al. [14] , neglecting contributions vanishing in the limit R ~ 0. For large cone sizes, R oc (9(1), the corresponding necessary corrections are calculated numerically from the 2 ~ 3 parton scattering cross section. The infrared and collinear singularities had been cancelled already in the analytical part against the virtual corrections and the redefinition of patton densities in the incoming particles. So, the finite cone corrections are finite. Further details can be found in [5, 153. The central variable to control the interplay between direct and resolved photoproduction is the factorization scale of the photon, My. This occurs in the photonic parton densitiesf~/y(x, M~) and in certain additional terms in the NLO parton-parton scattering cross section. In the formulas of Aversa et al. [143 the two factorization scales of the initial state hadrons have been set equal. We evaluated the additional pieces which result from M~ # Mp by eliminating the dependence on both factorization scales in [14] by fixing M = x/~ to the parton-parton center-ofmass energy and then adding these scale dependent terms explicitely with M~ # Mp. Then, the cross section has the following form: (ws, v) + ~ffj,,-j(w, Mp) The NLO corrections for the direct process have been calculated by one of us using the method of Ellis et al. [13] . The phase space integral for the 2 ~ 3 parton scattering contribution has been made finite by subtracting appropriate terms from the integrand. On the other hand, the phase space integral for the subtracted terms have been calculated analytically. The resulting terms have been added to the virtual 2 ~ 2 parton scattering contribution yielding a finite result after the factorization of the initial state collinear singularities. The relevant formulas can be found in [3] . There the two factorization scales My and Mp appear explicitely, so that they can be varied independently. Some numerical results have been presented in a short communication [2] . In [3] also the inclusive two-jet cross section was calculated. The results in [3] have been obtained in the MS factorization scheme for the photon. The transformation to the DIS 7 scheme is described in [10] .
Concerning structure functions we used for the proton the set MRS-Do of Martin et al. [17J which are in the NLO approximation with MS factorization. For the photon we have chosen the NLO parmetrizations of Ghick et al. [10] in the MS scheme. The transformation from the DIS~ scheme, which was chosen for the fit to the photon structure function in [10] , to the MS scheme has
